Introduction
The presence of volatile aldehydes and alcohols in macerated tissues has been known in a wide range of plants.
They are produced by fatty acid breakdown on the physical disruption of the tissues.
n-Hexanal, one of the volatile aldehydes, is formed mainly from linoleic acid via its hydroperoxide intermediates (4, 5, 13 ).
In the course of studies of `rind yellow spot', a physiological rind disorder of Natuto (Citrus medioglobosa hort. ex Tanaka), it was found that affected fruits produced a higher amount of n-hexanal compared to healthy fruits on macerating the rind tissue. Lipid hydroperoxidation is known to damage biological membranes and considered to be a significant factor in aging (5) . Since `rind yellow spot' occurs in accordance with maturation and senescence of the rind (8) , the present work was undertaken to investigate hexanal formation in the Naruto rind as related to aging and disorder of the rind. Materials and methods Naruto fruits used in this study were selected only from the outside position on the tree to avoid positional effects within the tree, unless otherwise noted. An aqueous solution containing 100 ppm gibberellin (GA) or 500 ppm ethephon (CEPA) was sprayed to an individual fruit in early October of 1978, using one tree which was planted in Awaji experiment station. In addition, unsprayed control treatment was used. The 3 treatments were randomly allocated within a tree. These fruits were picked at intervals from late November to mid-March during maturation period. For comparison, untreated fruits from the inside (shaded) position on the tree were picked.
During the period of occurrence of `rind yellow spot' (late January to mid-March), both affected and healthy fruits were picked from trees growing in the experiment station and pomology orchards at Tsuna-cho, Awaji island. Picked fruits were kept overnight at 20°C in a polyeth-ylene bag and used for measuring hexanal. Hexanal and hydroperoxides formed from added linoleic acid were measured for some of the fruits.
Samples of 10 fruits were used for each determination.
In order to determine hexanal formed in the macerated rind tissues, portions of the rind (40 g) were peeled from fruits and albedo tissues were trimed away with a razer blade.
The remaining flavedo tissues were homogenized for 2 min with 100 ml distilled water in a 200 ml conical flask sealed with a rubber stopper at room temperature, and held in water bath at 40t for 15 min. When hexanal formed from added linoleic acid was measured, 0.5 ml of 25% linoleic acid (obtained from Nakarai Chemical Co~) in ethanol was added to the homogenate before blending. n-Hexanal was determined by injecting 2 ml samples of headspace vapor into GLC. The chromatograph was operated under the following conditions: at loot isothermal; 3 m by 3 mm column with 10% FFAP on silanized Chromosob W; nitrogen flow 40 ml/min (Fig. 1) .
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The homogenate was mixed with 2 volumes of CH3C1-McOH(2: 1) and shaken vigorously. The mixture was filtered through 2 layers of gauze and residue was washed with a volume of CH3C1-McOH(2 :1). Lower layer of the filtrate was dried over anhydrous Na2SO4 and taken to dryness at 45t under reduced pressure.
The residue was dissolved in a small volume of n-hexan.
An aliquot of the hexan extract was applied to silica gel TLC plate and developed in a solvent of ethyl-ether/hexan/acetic acid, 60/40/1. Hydroperoxide products were detected after spraying the mixture of 1 ml of 4% KI and 4 ml of acetic acid followed by a spray of 1% starch solution(12).
Areas of plate bearing hydroperoxides are stained purple. These portions were scraped into vials and extracted with CH3C1-McOH(2:1).
Aliquots of the extract were taken and after removing the solvent, the residue was dissolved in 2 ml of 50% ethanol.
Hydroperoxides were measured with a xylenole orange according to a method of Michaels and Hunt(4).
The reagent consists of 2 x 10-4M Mohr's salt, 5 x 10-4M xylenole orange and 0.05 N H2SO4. To 2 ml of sample solution was added 4 ml of the reagent.
After mixing, the color was allowed to develop for 1 hour and absorbance was measured at 450 nm.
Results
The fruit color began to change from green to yellow orange with the onset of November. On November 22, at the first sampling date, CEPA-treated fruits became yellow orange in color. Outside (untreated) fruits showed yellow green, while inside (untreated) or GA-treated fruits remained green. Although the color differences among treatments became less obvious as the season advanced, they persisted until the third or final sampling date.
Small green areas were still present on the rind surface of inside and GA-treated fruits. Table 1 shows n-hexanal formation from macerated rind tissues in the fruits given CEPA or GA, and untreated f urits from the outside and inside positions on the tree. The pH of the macerated rind tissues was about 5.5. Large amount of hexanal was found in the order:
CEPA-treated fruits> outside f ruits> inside or GA-treated fruits. It seems clear that the rates of hexanal formation were related to the degree of degreening throughout the experimental period.
On blending tissues with added linoleic acid, hexanal developed markedly.
Since its formation was prevented partly by heating tissues at 60'C for 10 min, hexanal might be generated enzymically.
Furthermore, optimum pH of the reaction was about 4.5. The rates of hexanal formation from added linoleic acid by the macerated rind tissues was compared between GA-treated and outside fruits.
As shown in Table 2 the rates are higher in outside fruits than in GAtreated fruits.
The presence of hydroperoxide intermediates in the course of hexanal formation from linoleic acid was reported (4, 13) .
In the present experiment, the hydroperoxide was detected by TLC (Fig.2) , the amount being larger in outside fruits than in GAtreated fruits (Table 3) . Table 4 presents results of hexanal determinations from the rind tissues of the fruits with and without symptoms of `rind yellow spot'.
From this table, it was apparent that the rate of hexanal formation was high in the affected fruits compared to the healthy fruits.
However, there was no difference between the rates of hexanal formation from areas showing visible and no symptoms within the affected fruits ( Table 5 ) . The rates of hexanal formation were found to vary significantly according to ambient temperatures to which fruits had been exposed. As indicated in Table 6 , the rates are much higher in the fruits held at 20t than those held at 5t. This is not due to a difference in the tissue temperature during blending.
When the fruits held at 5t was transferred to 20t, the rate increased within 3-4 hours.
Discussion
GA delays certain aspects of aging of rind tissues of citrus fruits when applied at preharvest(1).
Because of this, GA is used for reducing rind disorders that appear during maturation period (1). But, unfortunately GA application results in greener-colored fruit at harvest, and such undesirable effect on the fruit color cancels desirable effect on the disorder (3). This is equally true of `rind yellow spot', a physiological rind disorder of Naruto. Therefore, an improved method of reducing the disorder is needed.
However, little is known about the mechanism of the antisenescence action of GA.
Coggins et al (2) studied the relationship between GA-delayed senecence and changes of essential oils in the navel orange rind, and found that concentrations of certain oil constituents such as valencene varied with the degree of senescence.
In the course of studies of `rind yellow spot', it was found that n-hexanal, one of the volatile aldehydes, was generated upon macerating rind tissues of Naruto.
Volatile aldehydes have been known as major components of the characteristic flavor in several plants which are produced on physical disruption of their tissues (5). They are also known as secondary products formed as the results of lipid peroxidation(4, 5,13) which has been considered to be a significant factor in aging (5) .
Thus an attempt was made to see relations between hexanal formation and aging of the rind and `rind yellow spot' which occurs in accordance with aging of the rind.
Results presented in Table 1 indicates that rates of hexanal formation closely corresponded with the degree of rind senescence. GA treatment lowers the rate, whereas CEPA treatment enhances it. Hexanal is formed mainly from linoleic acid and lipoxygenase may initiate its formation (4, 5, 13) .
In the present experiment, the rates of hexanal formation were increased by the addition of linoleic acid; reduced by heating rind tissues before blending; affected by pH during blending; influenced by the temperature to which fruits had been exposed. Furthermore, hydroperoxide intermediate products were detected, amounts being related to those of formed hexanal.
These lines of evidence suggest that the hexanal formation in the macerated rind tissues is catalyzed by enzyme systems and that lipoxygenase may be involved in this reaction.
In tomato amounts of volatile aldehydes were related to the stage of maturity(10,11).
In ripening apple, an increase in lipoxygenase activity was observed during the climacteric period (15) . Recently, Grossman and Leshem (6) have reported that lipoxygenase activity was significantly reduced by cytokinin-treated pea leaves. Thus it seems probable that GA acts as a senescence retardant at least in part by lowering potential of the rind for the hexanal formation.
As shown in Table 4 , the rind from the affected fruits had a high rate of hexanal formation compared to that of the healthy fruits.
Whether this difference implies the physiological importance for development of the disorder remains unknown.
However, the possibility exists that the elevated rates of hexanal formation might be associated with development of the disorder. The affected fruit evolved higher amount of ethylene than the healthy fruit as reported in the previous paper(9).
Wooltorton et al (15) showed that in ripening apple an increase in lipoxygenase activity was accompanied by increase in ethylene production, suggesting the involvement of lipoxygenase in ethylene production.
Further evidence in support of the above mentioned possibility was shown in data of temperature effects on the hexanal formation.
Incidence of the disorder is severe in warm areas and warm years during maturation period. High incidence has been observed when fruits were grown in glasshouse (7) . Good evidence thus indicates that the fruits exposed to higher temperature in the daytime develop more incidence.
As shown in Table 6 , the rate of hexanal formation markedly increased with a rise in temperature to which fruits had been exposed. This may again correspond with the previous findings(9) that chilled affected fruits repeated peaks of ethylene evolution upon transfer from 5t to 20t. Although the evidence was based on the observations of detached fruits, similar results may be obtainable on attached fruits on the tree.
If this is the case, high day temperatures during maturation period result in high potential for the hexanal formation which in turn could be responsible for the development of the disorder.
Finally, we reported that the degree of susceptibility to the disorder varied significantly according to age of the rind: the order of the susceptibility was CEPA-treated fruits> outside fruits> inside or GA-treated fruits.
This 
